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Abstract 
Optical feedback driving schemes can enable accurate ageing and pixel brightness non-uniformity corrections in AMOLED 
displays. Here, we report on a pixel driver utilizing a metal-insulator-semiconductor (MIS) sensor for luminance control of the 
OLED element. In the proposed pixel architecture for bottom-emission AMOLEDs, the embedded MIS sensor shares the same 
layer stack with back-channel etched a-Si:H TFTs to maintain the fabrication simplicity. Performance characteristics of the MIS 
sensor are presented and analyzed to demonstrate its feasibility. Details on the pixel circuit functionality including the sensing 
and programming operations are also discussed. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Active matrix organic light emitting diodes (AMOLEDs) are ideal for future TV applications due to their ability to 
faithfully reproduce real images [1]. Low temperature poly-Si (LTPS) thin film transistor (TFT) backplanes by 
excimer-laser-annealing are currently employed in the mass production of AMOLEDs for portable electronics [2]. 
However, the use of LTPS for large-area applications is challenging because of uniformity and scalability issues. 
Besides, for mass production, AMOLED TVs must be manufactured at a cost that competes with LCD TVs. It 
would be economically attractive to use existing production lines for fabrication of a-Si TFTs AMOLED 
backplanes. The main problem in this technology is that a-Si:H pixel circuitry suffers from temporal instability 
caused by the threshold voltage shift (Vth-shift) of the driving TFT under prolonged bias stress [3]. Another 
significant issue is a luminance non-uniformity and degradation related to the OLED material itself. A tight control 
of pixel luminance can be achieved by measuring the emission from the OLED in real time and adopting a feedback 
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control scheme [4]. Optical feedback pixel driver (OFPD) circuits with phototransistors [5], [6] and photodiodes [7] 
have been proposed. However, the fabrication of phototransistors with reproducible and stable characteristics across 
the large-area backplane is a challenging technological task. Moreover, the phototransistors itself can cause 
luminance instability due to thermal drift of the photoconductive gain. The drawback of OFPDs with photodiodes is 
a high implementation cost due to higher mask count and additional processing steps. 
 Recently, we proposed a driving scheme for a-Si:H AMOLED backplanes with an in-pixel MIS-type photosensor 
sharing the same layer stack with pixel TFTs [8]. In this work, we present a pixel design for bottom-emission 
AMOLEDs and analyze the performance characteristics of the MIS photosensor integrated with back-channel etched 
(BCE) TFTs.   
2. Pixel design 
A pixel circuit along with the external electronics is shown in Fig. 1. The pixel circuit includes a simple 2T 
voltage-programmed OLED driver (transistors T1 and T2, and storage capacitor Cs), and a sensing part comprising a 
MIS photosensor, and switching transistor T3. The sensor works in the integration mode accumulating the light-
induced charge during one frame period or shorter time interval depending on the signal level. Programming of the 
OLED driver, sensor reset and readout are performed by a column driver. Here, switches Sw1, Sw2, and Sw3 enable 
consecutive connections of the data line to a buffer amplifier, a reset pulse generator, and a charge amplifier, 
respectively. Driver amplifiers work in tandem with the external DAC and ADC to enable signal processing in the 
digital form. In particular, the control block performs image processing to modify incoming video using correction 
parameters for the each pixel in the backplane, and also sensor data processing to update the correction parameters. 
Correction parameters are stored in internal or external RAM while the backplane is running, and their non-volatile 
backup is also required. Note that various timing schemes are possible to ensure the synchronization in 
programming and sensing the addressed pixel.  
The luminance adjusting algorithm is based on realistic models for pixel circuit elements to predict the relation 
between the programming voltage and OLED luminance. Assuming that the driving transistor works in the 
saturation mode, and OLED luminance is proportional to the pumping current, the programming voltage is [8] 
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Fig. 1. Pixel circuit with the external driving electronics. 
Data Line
ADC
Control Block
 Image processing
 Timing control
 External memory
InputVideo Data
T2
T3G
at
e 
Li
ne
 A
Vdd
Cs
T1
O
LE
D
MIS
G
at
e 
Li
ne
 B
DAC
Cf
Sw1
Sw3
Sw4
Cd
Sw5
Sw6
Sw2 Reset pulse
Driver IC
576   Y. Vygranenko et al. /  Procedia Technology  17 ( 2014 )  574 – 579 
 
WC
LeB
xFEOLED
o
0
2
  .    (1.2) 
 
Here, maxOLED is the maximum target photon flux of the OLED, OLED is its external quantum efficiency, n is the total 
number of grey levels, and data is the selected grey level from the input video data. The driving transistor 
parameters FE, C, W, L and Vth are the mobility, the gate capacitance per unit area, the channel width, the channel 
length, and the threshold voltage, respectively. Parameters Vth and B can be determined performing sensing 
operations at different luminance levels and applying simple linear regression to ( i , VPi) data points: 
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Here, Xi denotes i , N is the number of data points, X and PV are means of Xi and VPi, respectively. The N should 
be carefully chosen as a trade-off between the measurement accuracy and acquisition time. For instance, if the pixel 
sensing rate is 1 row per frame and N = 10, the total acquisition time will be 90 s for a full HD display at a refresh 
rate of 120Hz. 
Fig. 2(a) shows a pixel layout for the bottom emission AMOLED. Here, the OLED element overlaps the MIS 
sensor that makes efficient optical coupling. Fig. 2(b) shows a cross-section view of the BCE TFT, and vertically 
integrated MIS and OLED elements. Minor modifications must be implemented in the BCE TFT process for the 
proposed backplane design. In particular, the transistor and sensor islands are defined in the same process step to 
reduce mask count. The transparent conducting oxide (TCO) layer is deposited prior to the back-channel-etching 
step to preserve the sensor islands. Note that the transparent electrode is common in the sensor / OLED stack taking 
advantage of the proposed pixel circuit.  
 
 
 
 
a) b) 
 
Fig. 2. Pixel design: (a) prototype pixel layout; (b) cross-section view of the pixel. 
577 Y. Vygranenko et al. /  Procedia Technology  17 ( 2014 )  574 – 579 
3. MIS photosensor 
To analyze the performance characteristics of the MIS photosensor, we have fabricated a test structure using the 
deposition process for BCE a-Si:H TFTs that is commonly used in the display industry. A cross-sectional view of 
the MIS structure, a testing circuitry with timing diagrams, and a small-signal model are shown in Fig. 3. Here, the 
anode of the device remains at ground potential as forced by the charge amplifier, while the biasing pulse of positive 
polarity is applied to the cathode. The indicated Vr and Vc are the voltages applied to the cathode during refresh and 
conversion cycles, respectively, and the peak-to-peak pulse amplitude, Vpp, is the difference between these voltages. 
During the conversion cycle, the charge amplifier integrates the input current from the MIS structure during the time 
period Tint. A delay t1 = 300 us is introduced to avoid detection of the charge induced by the geometrical capacitance 
of the MIS structure. 
 
 
 
Fig. 3.  (a) MIS structure stack with testing circuitry, (b) signal diagrams, and (c) small-signal model. 
Under dark conditions, the observed transient current is due to electron emission from the deep states within the 
i-layer bulk or/and at the semiconductor/ dielectric interface.  This dark current component follows a power-law 
time dependency [9] 

  )t/(I)t(Idark  ,                                 (4) 
where I is the current at time , and  is the power parameter.  The readout charge is given by 
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Fig. 4 shows Qdark(t) waveforms measured at different refresh bias voltages, Vr, in the range from 4 to 4V. The dark  
 
 
Fig. 4. Dark charge versus time at various refresh bias voltages applied to the cathode of the MIS structure. 
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charge decreases with increasing Vr by a factor of 2 at t = 20 ms. This indicates that the occupation of trap levels at 
the semiconductor-insulator interface and within undoped layers is determined by the bias voltage during the refresh 
cycle. Thus, the biasing conditions of the MIS structure must be optimized to reduce the noise level. 
Fig. 5 shows an external quantum efficiency (EQE) spectrum of the MIS photosensor. The EQE reaches a peak 
value of 21 % at a wavelength of 490 nm. This value is significantly lower than a portion of the light absorbed by 
the i-layer because the photo-generated charge cannot be fully readout through the blocking dielectric layer [10]. 
The ratio of transferred (Qout)-to-generated (Qsig) charges, Q, calculated using the small-signal model in Fig.3 (c) is 
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where Ci and Cs are the net capacitances of the insulator and semiconductor layers, respectively. For actual values Ci 
= 20.2 nF/cm2 and Cs = 61 nF/cm2 deduced from the capacitance-voltage characteristics in Fig. 5(b), the calculated 
Q is 24.8%. The reflection and absorption losses at the TCO/n+ interface, and recombination at the n+/i-junction are 
additional factors reducing the EQE at short wavelengths. Thus, the sensitivity enhancement can be achieved by 
increasing Q through the optimization of the dielectric/semiconductor layer thicknesses, and also tailoring the 
TCO/n+/i interface.  
To demonstrate the feasibility of the sensor for the discussed compensation scheme, let’s consider its application 
for a 32’’AMOLED display with resolution of 1920  1080 pixels. A 369  369 m2 pixel comprises three RGB 
sub-pixels of the design shown in Fig. 2. For simplicity, the sub-pixels are of the same size, and the area of the MIS 
stack coupled to the OLED is 80x100 m2. The signal charge is 
 
,TAeQ intS0s         (7) 
  
where e0 is the electron charge,  the external quantum efficiency of the sensor at the emission wavelength,  the 
incident photon flux density, AS the photosensitive area, and Tint the integration time. The integration time must be 
carefully defined to avoid the sensor saturation. Considering a small-signal model, the saturation charge is 
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Setting the upper detection limit to 80% of the saturation charge, the integration time can be expressed as 
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Fig. 5 (a) External quantum efficiency spectrum, and (b) capacitance-voltage characteristics of the MIS structure.  
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Limiting the green OLED brightness to 300 cd/m2 that yields max   1.51015 photonscm2s1, the integration time 
is to be 629 s at Vpp = 10 V, and   = 0.2. At 256 grey levels, the signal charge will be in the range from 12 fQ to 
3 nQ. The minimal signal is a factor of 40 higher than the commonly accepted standard of 2000 electrons (or 0.32 
fQ) for noise level in flat panel x-ray imagers, i.e. the existing charge-detection technique can be used for the 
discussed application. Note that the sensing of the same row can be performed several times until its reprogramming 
to improve the measurement accuracy. 
4. Conclusion 
The presented driving scheme for AMOLEDs utilizes in-pixel MIS photosensors to compensate both ageing and 
pixel brightness non-uniformity. We also propose a pixel design for bottom-emission OLEDs. To maintain the 
fabrication simplicity, the embedded sensor shares the same layer stack with BCE a-Si:H TFTs. Performance 
characteristics of the MIS structure were measured and analyzed to demonstrate the feasibility of the MIS 
photosensor for the proposed driving scheme. The transient dark current measurements reveal that the associated 
noise component can be reduced by adjusting the biasing conditions. Spectral-response and capacitance-voltage 
characteristics were measured to identify the factors limiting the external quantum efficiency. A calculation example 
of the sensing operation for large-area HD display is also given. 
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